We report on experiments on low temperature (millikelvin range) activated magnetotransport on low-density two-dimensional electron systems in InGaAs/InΡ for Landau level filling factors 0.25 < v < 0.55. The activation energy increases approximately linearly with decreasing filling factor. The observations are discussed in the light of the formation of the Wigner solid.
Introduction
In recent years the occurrence of insulating phaseS in twodimensional electron systems at semiconductor interfaces in high magnetic field has been the subject of intensive research in connection with the still elusive Wigner crystallization.
At low temperature and small Landau level filling factor (v = nsh/eΒ), the ground state of a twodimensional electron system (2DES) with small disorder is expected *E-mail: podor@mufl.hu. (945) to be an electron solid (Wigner crystal). The Wigner transition was observed in nearly perfect GaAlAs/GaAs heterostructures [1] [2] [3] [4] [5] , and quite recently in the InGaAs/ΙnΡ heterostructure too [6, 7] . In GaAIAs/GaAs the value of the critical filling factor v at T = 0 K, below which Wigner crystallization occurs, was about 0.2 [1, 2, 4] and 0.28 [3] , while in InGaAs/InP a higher value of about νc = 0.49 was obtained [7] . Experiments performed on the GaAIAs/GaAs system indicated that the solid exhibits activated [8] [9] [10] and non-linear transport properties [1, 2, 4, 5] , attributed to the pinning on the random potential introduced by defects and impurities. Similar non-linear transport properties were also observed in the InGaAs/ΙnΡ system by the present authors [6, 7] .
Here we report on the observation of activated magnetotransport in low--density, low-mobility two-dimensional electron gas (2DEG) in lattice matched InGaAs/ΙnΡ single heterostructures in the range of Landau level filling factors of 0.25 _< v < 0.55. Experimental results concerning the activation energy Ελ in the longitudinal resistance ρ and its dependence on the filling factor are presented and discussed.
Experimental
The samples were liquid phase epitaxial In 0 . 53 Ga0 .47As/InΡ heterostructures [6, 7] . The electron density and mobility were (0.3-1.5) x 10 11 cm-2 and (1-5) x 104 cm2/(V s) respectively. Sample parameters are collected in Table. Persistent photoconductivity was used to control the 2DEG density. Most of the magnetotransport measurements were carried out in a He 3-He4 dilution refrigerator fitted into the bore of a resistive magnet capable of reaching 22 T. The temperature range was 40 to 800 mK. Both conventional dc and (8 Hz) lock-in measuring techniques were used, and both two and four-terminal resistivity measurements were performed. Figure 1 shows typical longitudinal resistivity versus reciprocal temperature plots for several magnetic fields corresponding to filling factors v < 0.5, where the resistivity began to increase dramatically with increasing magnetic field, reaching values in excess of abont hundred times h/e2 . As can be seen in the figure, the resistivity displays an activated behaviour for temperatures above about 200 mK. The activation energies were determined according to p xx = p0 exp(ΕΑ/2kT). In Fig. 2 the activation energies determined for three samples are plotted as a function of the filling factor v. Ελ decreases roughly linearly with the filling factor v with similar slopes for all the three samples. Parameters obtained from a fit to the equation Ελ = E a0 -αν are listed in Table. The intercept with the horizontal axis (νc) marks the onset of the temperature dependence of ρ . It can be observed that the higher is the disorder (as quantified by the value of the 2DEG mobility), the larger are the extrapolated activation energy Ε a0 = EA(v = 1) and the critical filling factor v for the onset of the activated transport.
ResuIts and discussion
The data for the onset obtained here for various samples at various magnetic fields can be extrapolated to infinite magnetic field values (assumed in all theoretical models) using v = ns/eB as suggested in [8] . As is shown in Fig. 3 , a limiting value of v = 0.37 is obtained for B →οο. This value is about twice of the corresponding value (v = 0.19) obtained for high mobility (low-disorder) GaAIAs/GaAs [8] , which in turn is identified there with the occurrence of the Wigner solidification.
In the millikelvin range all samples exhibited non-linear current voltage characteristics with a filling factor dependent plateau and threshold voltage. Two terminal resistance increased dramatically below about v = 0.5, and a noisy resistance roll-off was also observed in the ac measurements. The temperature dependence of the I-V characteristics revealed saturation for higher temperatures with a lower threshold voltage. All these phenomena can be considered as signatures of the Wigner solidification [6, 7] .
Theoretically expected ground state of the 2DES at low temperatures depends on the strength of the disorder. The stronger is the disorder the more glassy is the Wigner solid pinned by the disorder. In low mobility samples strongly pinned Wigner solid is expected with the onset of activated transport at higher values of v than in the high mobility case. Our experimental results are in a perfect qualitative agreement with these predictions. In the lowest concentration samples we found v = 0.7, much greater value than reported for high mobility GaAIAs/GaAs heterostructures.
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